S trongyloidiasis is a nematode infection caused by
Strongyloides stercoralis, a parasitic roundworm. Parasites of the genus S. stercoralis are characteristic for their ability to replicate within hosts (1) . Patients have clinical characteristics of systemic strongyloidiasis when their immune status is impaired (2) , such as through the use of steroids (3), medication associated with organ transplantation (4) , and initiation of chemotherapy (5) . Strongyloidiasis has been prevalent in the tropics and subtropics and is reemerging as a critical disease in the immunocompromised patient population (6) .
The life cycle of the S. stercoralis roundworm consists of external and autoinfective cycles (7) . Infective filariform larvae penetrate the skin, enter the venous circulation, and migrate to the pulmonary circulation. The larvae are then swallowed and remain in the small intestine to mature into the parthenogenic female adult S. stercoralis worm (8) . The noninfectious rhabditiform offspring can develop into infective filariform larvae while still in the intestine and reinfect the host. These autoinfective filariform larvae enable the unique autoinfective life cycle of S. stercoralis parasites to continue indefinitely in humans.
When the host immune status is compromised, the autoinfective cycle can be enhanced, enabling increasing numbers of autoinfective larvae to disseminate throughout the body. The clinical complications of disseminated strongyloidiasis are a result of the increasing numbers of autoinfective larvae traveling through the body, with many larvae carrying enteric bacteria from the intestine (9) . Penetrated larvae carry enteric organisms to multiple organ systems, causing sepsis (10) (11) (12) , pneumonia (10, 11, 13) , and meningitis (10, 11, (14) (15) (16) (17) (18) .
Early recognition of dissemination is essential, yet little has been known about its clinical, laboratory, and microbiological characteristics (1) . Our study aimed to provide characteristics of patients with disseminated strongyloidiasis. We conducted a retrospective, consecutive chart review of patients diagnosed with disseminated strongyloidiasis in an area of human T-cell lymphotrophic virus type 1 (HTLV-1) infection endemicity in Japan during January 1975-December 2017.
Methods

Study Setting
This study was conducted at Okinawa Chubu Hospital in Okinawa, Japan, which has a subtropical climate; strongyloidiasis is endemic to Okinawa (19) . The region also has a high prevalence of HTLV-1 infection (20) . Okinawa Chubu Hospital is one of the largest teaching hospitals in Okinawa.
Study Design and Patients
We consecutively reviewed the charts of adult patients (>18 years of age) diagnosed with disseminated strongyloidiasis during January 1975-December 2017 and admitted to Okinawa Chubu Hospital. We classified disseminated strongyloidiasis into 3 clinical phenotypes: dissemination, occult dissemination with meningitis caused by enteric organisms (14) , and occult dissemination with culture-negative suppurative meningitis (15) .
We defined dissemination as filariform larvae detected from specimens other than the gastrointestinal tract (i.e., feces, duodenal fluid, and gastric juice). We defined occult dissemination with meningitis caused by enteric organisms as meningitis caused by enteric organisms combined rhabditiform larvae detected from the gastrointestinal tract (e.g., in feces and gastric juice); enteric organisms were Bacteroides spp., Enterococcus spp., Escherichia coli, Enterobacter spp., Klebsiella spp., Bifidobacterium spp., Clostridium perfringens, Proteus mirabilis, Streptococcus gallolyticus (bovis group), and Campylobacter spp. (21) . We defined occult dissemination with culture-negative suppurative meningitis as cerebrospinal fluid (CSF) culture-negative meningitis with CSF neutrophil-dominant pleocytosis of >500 cells/ mm 3 (16) combined with rhabditiform larvae detected from the gastrointestinal tract (e.g. in feces and gastric juice).
Patients with nosocomial meningitis and meningitis patients with prior receipt of antibiotics (within 7 days of performing lumbar puncture) were excluded from the analysis. We performed parasitologic examinations by direct microscopic examinations, formalin-ether concentration technique, or both interchangeably on the basis of clinical symptoms.
Ethics Statement
We collected demographic data, clinical characteristics, clinical diagnosis, and microbiologic data for all patients in a secure database after identifying information of included patients was removed. This study was approved by the Institutional Review Board of Okinawa Chubu Hospital (approval no. H29-75).
Results
Patient Population
We identified 70 patients during the study period ( The number of annually reported cases was decreasing during the study period. The maximum number of annual cases was 7 ( Figure) . Most strongyloidiasis cases in the last decade of the study period were classified as dissemination.
Clinical Manifestations
Common symptoms included fever ( Table 2 ). In terms of laboratory findings, the average absolute eosinophil count was 225 cells/µL (range 0-1,482 cells/µL).
The main clinical diagnoses included meningitis, pneumonia, sepsis, and paralytic ileus ( Table 2) . Twenty-three patients (32.9%) had clinical manifestations of sepsis caused by enteric organisms, 22 patients (31.4%) had clinical manifestations of meningitis caused by enteric organisms, and 34 patients (48.6%) had clinical manifestations of culture-negative suppurative meningitis. Nine patients had highly critical conditions with evidence of multiorgan involvement, including the gastrointestinal (paralytic ileus), pulmonary (pneumonia caused by enteric organisms), central nervous (meningitis), and circulatory (sepsis caused by enteric organisms) systems. The mortality rate was 77.8% (7/9) in these patients. Such clinical features (22) have been referred to as "full-blown" dissemination at our institution (10). One case-patient with full-blown dissemination, a woman in her 60s, had fever, vomiting, headache, and altered mental status. On arrival to the hospital, the patient was obtunded, and neck stiffness was noted. The results of lumbar puncture were suggestive of bacterial meningitis caused by gram-negative bacilli. On direct microscopic examination, multiple larvae were identified in feces, sputum, CSF, ascites, and gastric juice. The patient's condition deteriorated despite treatment for both strongyloidiasis and bacterial meningitis. Her clinical course also was complicated by paralytic ileus and bacterial pneumonia caused by K. pneumoniae. Gram staining of CSF was notable for gram-negative bacilli, and both blood and CSF cultures yielded E. coli. The patient died on hospital day 11. On autopsy, larvae were identified in the skin and lungs (11) .
The clinical course of patients with occult dissemination with bacterial meningitis caused by enteric organisms was less severe than full-blown dissemination, yet remained critical without appropriate treatment. One such patient, a man in his 50s, sought care at our emergency department in the 1980s for a 1-day history of headache, vomiting, shaking, and chills. On examination, the patient had neck stiffness. Results of lumbar puncture were notable for a white blood cell count of 4,104 cells/µL (77% of polymorphonuclear neutrophils). Larvae were detected in feces. The patient was started on thiabendazole, chloramphenicol, and ampicillin. Gram staining of CSF samples was negative, but culture later yielded E. coli. Blood culture obtained on admission was negative. The patient responded well to the treatment, and larvae were no longer detected in feces by hospital day 6 (14) .
Occult dissemination with culture-negative suppurative meningitis occurred in less critical conditions. One case-patient, a woman in her 90s, was brought to our hospital in the 1980s for altered mental status and chills. The patient was obtunded, and results of CSF analysis was consistent with suppurative meningitis (white blood cell count of 3,812/cells/ µL [73% of polymorphonuclear neutrophils]). Gram staining of CSF was negative for organisms, and culture results were sterile. Parasitologic examination was positive only in feces. The patient responded well to antibiotics and thiabendazole and was discharged to home on hospital day 9 (15) . 
Parasitologic and Microbiologic Results
Larvae
Treatment
Before 2002, patients were treated with thiabendazole. Thiabendazole was administered at the conventional dose of 50 mg/kg/day (not exceeding 3 g/d) for >3 days. Patients in critical conditions were given double doses (100 mg/kg/d) for the first 1-2 days. Thiabendazole was tapered off when clinical improvement or disappearance of larvae in feces was confirmed. After 2003, all patients were treated with ivermectin at the dose of 200 µg/kg/day. Two patients with critical conditions received 2 or 1.5 times the conventional dose. Ivermectin was administered either 1-2 weeks apart or consecutively until the confirmation of clinical improvement or disappearance of larvae from feces. A combination of oral and rectal forms of ivermectin was administered in 3 patients.
One patient in 1980 initially received pyrvinium pamoate at a dose of 20 mL/day because thiabendazole was not available. Another patient with occult dissemination with culture-negative suppurative meningitis did not receive anthelmintics because meningitis was suspected to be caused by the central nervous system involvement of adult T-cell leukemia.
Discussion
Disseminated strongyloidiasis is a medical emergency. Because of its rarity, most previous reports consist of single cases (24) , making it difficult to determine its clinical phenotypes. Previous reports identified atypical suppurative meningitis, defined as communityacquired meningitis caused by enteric organisms or culture-negative suppurative meningitis, as a form of occult dissemination (10, (14) (15) (16) . Our study corroborates preceding analyses and extends their findings by demonstrating that early recognition of occult dissemination is lifesaving.
Demographic characteristics in our study, such as age distribution and male-to-female ratio, were in keeping with previous reports (24) . However, our patients all were born before 1964, and the number of annually reported cases was decreasing during the study period. These findings were consistent with a report from another institution in Okinawa (25) and suggest that patients, predominantly men, in this region in the past became infected from contaminated soil during farming and by walking barefoot (26) . Improved farming environments and changes in lifestyle might have reduced the risk for exposure. Another trend we noted was that 9 of 11 reported cases during the last 10 years of the study period were classified as dissemination and only 2 out of 11 as occult dissemination. The median age of patients in these 11 cases was 80 years, implying that the elderly who had been exposed to S. stercoralis parasites in their youth developed systemic strongyloidiasis at advanced age, which quickly disseminated because of their impaired immune status.
In this case series, few patients had risk factors for strongyloidiasis other than HTLV-1 infection, including recent steroid use (3), organ transplant (4), or cirrhosis (27, 28) . In areas with HTLV-1 endemicity, HTLV-1 infection is the major risk factor for both chronic strongyloidiasis and dissemination (29) . Although diabetes mellitus has been reported to be a risk factor for strongyloidiasis treatment failure (30) , the prevalence in our series remained low.
Considering the mortality rates and the various symptoms and clinical diagnoses, dissemination is the most severe form of strongyloidiasis, followed by occult dissemination with meningitis caused by enteric organisms and then occult dissemination with culture-negative suppurative meningitis. Evidence of multiorgan involvement was less common in occult dissemination, which might reflect the degree of involvement of larvae and enteric organisms in these 3 phenotypes. Previous studies have identified different degrees of their involvement (11, 14, 15) (Table 4 ).
Despite the low mortality rate associated with occult dissemination with culture-negative suppurative meningitis, it is critical for clinicians to identify concomitant strongyloidiasis because patients might later have recurrent meningitis in more critical conditions (18) if not properly treated. Culture-negative suppurative meningitis should prompt the immediate consideration of performing a parasitologic examination in areas where strongyloidiasis and HTLV-1 are endemic. Previous reports have suggested that culture-negative suppurative meningitis is a form of dissemination (10, 15, 17) .
Limited data are available about the optimal treatment of dissemination. Treatment options consist of reducing immunosuppressive therapies and initiating antihelmintics and antibiotics. Reducing immunosuppressive therapies is recommended because immunosuppressive therapies can induce dissemination (6) . In a systematic review comparing ivermectin, albendazole, and thiabendazole, ivermectin resulted in better parasitologic cure than albendazole and fewer adverse effects than thiabendazole (31). The conventional dose of ivermectin is 200 μg/kg/day orally for 2 days, either consecutively or 2 weeks apart (32) . In dissemination, the dose and duration are determined clinically. Repeated or prolonged administration are preferred until patients respond or until larvae are no longer detected (33) . For patients who are unable to take oral ivermectin, a rectal (34), veterinary subcutaneous (35) , or parenteral (36) formula is administered. The use of veterinary ivermectin is considered in critical cases. Some studies have also reported the use of a combination of ivermectin and albendazole (37) . In our study, several critical patients received an increased dose of thiabendazole or ivermectin. No patients received a combination of ivermectin and thiabendazole. Anthelmintic agents were continued until patients responded or until larvae disappeared.
Initiation of antibiotics that target enteric organisms is essential. The antibiotics must penetrate into the central nervous system when meningitis is suspected. The spectrum should be based on the local antibiogram. In our study, no patients had bacterial infection that produced extended spectrum β-lactamases or AmpC β-lactamases. Clinicians should also notice that the results of blood and CSF cultures differed in 4 patients (4/70 [5.7%]), suggesting that larvae might have carried multiple enteric organisms. Empiric antibiotics that sufficiently cover most enteric organisms, such as third-generation cephalosporins, are recommended. The administration of dexamethasone for bacterial meningitis should carefully be considered because it might induce dissemination (9) .
Our investigation has several limitations. First, the retrospective nature of this study might have resulted in distortions in the accuracy of the retrieved information. Second, patients with disseminated strongyloidiasis have also been admitted to other medical centers in Okinawa (38) ; hence, we might have underreported the prevalence of dissemination in this region. Third, the findings cannot be generalizable to regions where HTLV-1 infection is not endemic.
In summary, we classified disseminated strongyloidiasis into 3 phenotypes on the basis of their severity and various symptoms: dissemination, occult dissemination with meningitis caused by enteric organisms, and occult dissemination with culture-negative suppurative meningitis. Early identification of occult dissemination is lifesaving. Treatment options consist of reduction of immunosuppressive therapies, initiation of anthelmintic agents with a higher dose and longer duration depending on the severity of symptoms, and concurrent use of antimicrobial agents against enteric organisms. 
